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Description 

[0001] 

layer w 
[0002] 
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emission disp.ays. Tang and others. .KXiitiSZ^ Zt^I^ 9 "? " PBb "* 
and US-A-4,885,21 1 . muiuiayer tL device in their commonly assigned US-A-4,769 292 

and Micromol. Symp. 25, 490 (1997)) OCOIoraev,ce where Alq emission layens doped with DCJTB. (US-A-5,908,581 

^CTiTCir^^ p P r D ec t tt / 5 ' 1682 K (1999) 3 EL *"» * d °P^ -brene and 
computers, digital personal organized so S3? 5~. EL h diSP ' ay SCreens for *** 

operation for luminance and driving voliage ' ^ ' S 3 " eed for EL device with ™<* stable 

S2L JJSS^SltSSr W ° 9 953 724 " EL -*» «*■ a -tore of hole transport materials 

S!ZJS£Z££ ° bjeCt ° f PreSem iWenti0n 10 P™ id * - EL device with improved operational stability 

s zi:::r capab,e of sus,aining both h ° ,e and —» «- and 

2 £ nrmre^nd 8e,eCted " ^ ^ ^ ^ ° f the "* * - tnan the bandgap energy 

-MJ. second dopant being se.ected to have a ho.e trapping energy ieve, above the valanoe band of the host 

^-^2S£S KSC^^SS^ ,he firet r second dopants - the a * 

[0010] Another feature of the inventfonteThartcan bJ Z f SCen, .' ayer can be significantly improved, 
chromaticity. * that " Can be used ,0 P rov,de a " electroluminescent device with improved 

Z^o^^^Z:^^ " ^ *° Pr ° Vide a " ^-rcuminescent device with improved 
of the dopants. This resulted in improvements KeraWn^ 

luminescent dopant for centreing fhe olr ol Z ZtZ eTLTclrT™ W " h 80 additional third 

be achieved with any other combination em «*ion, excellent color chromic.ty was obtained, which could not 

Prope 4 L The ^ made " 9CC0rdanCe With the p — » mention are highly stable and have excei.ent luminance 
FIG. 1 is simple structure of an organic light-emitting device; 
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FIG. 2 is a schematic diagram of an organic light-emitting device in which a light-emitting structure is deposited 
over an ITO anode with an emission layer prepared according to the present invention; 

FIG. 3 shows a graphic representation of the energy level diagram of the Alq host, exciton trapping dopant (EXD) 
(dopant 1), hole trapping dopant (HD) (dopant 2) and luminescent dopant (LD) (dopant 3) in the emission layer; 
5 FIG. 4 shows the relative normalized operational luminance as a function of operation time for doped EL devices; 

FIG. 5 shows the relative driving voltage as a function of operation time for the EL devices of FIG. 4; 
FIG. 6 shows the relative nomalized luminance as a function of operation time for doped EL devices; and 
FIG. 7 shows the relative driving voltage as a function of operation time for the EL devices of FIG. 6. 

10 [0015] The drawings are necessarily of a schematic nature, since the thicknesses of the individual layers are too 
thin and thickness differences of the various elements too great to permit depiction to scale or to permit convenient 
proportionate scaling. 

[0016] The light-emitting layer of the organic EL device comprises a luminescent or fluorescent material where elec- 
troluminescence is produced as a result of electron-hole pair recombination in this region. In the simplest construction, 
15 as shown in FIG. 1 , the light-emitting layer 1 08 is sandwiched between anode 1 04 and cathode 1 06. The light-emitting 
layer is a pure material with a high luminescent efficiency. A well known material is tris (8-quinolinato) aluminum, (Alq), 
which produces excellent green electroluminescence. 

[0017] The simple structure 1 00 can be modified to a three-layer structure as shown in FIG. 2, in which an additional 
electroluminescent layer is introduced between the hole and electron -transporting layers to function primarily as the 
20 site for hole-electron recombination and thus electroluminescence. In this respect, the functions of the individual organic 
layers are distinct and can therefore be optimized independently. Thus, the electroluminescent or recombination layer 
can be chosen to have a desirable EL color as well as high luminance efficiency. Likewise, the electron and hole 
transport layers can be optimized primarily for the carrier transport property. 

[0018] Turning to FIG.2, a multilayer organic light-emitting device 200 has a light-transmissive substrate 202 on 

25 which is disposed a light-transmissive anode 204. The anode 204 comprises two layers 204a and 204b. An organic 
light-emitting structure 208 is formed between the anode 204 and a cathode 206. The organic light-emitting structure 
208 is comprised of, in sequence, an organic hole-transporting layer 210, an organic light-emitting layer 21 2, and an 
organic electron-transporting layer 214. When an electrical potential difference (not shown) is applied between the 
anode 204 and the cathode 206, the cathode will inject electrons into the electron-transporting layer 214, and the 

30 electrons will migrate across layer 214 to the light-emitting layer 212. At the same time, holes will be injected from the 
anode 204 into the hole-transporting layer 210. The holes will migrate across layer 210 and recombine with electrons 
at or near a junction formed between the hole-transporting layer 21 0 and the light-emitting layer 212. When a migrating 
electron drops from its conduction band to a valance band in filling a hole, energy is released as light, and is emitted 
through the light-transmissive anode 204 and substrate 202. 

35 [0019] The organic EL devices can be viewed as a diode, which is forward biased when the anode is at a higher 
potential than the cathode. The anode and cathode of the organic EL device can each take any convenient conventional 
form, such as any of the various forms disclosed by Tang and others. US-A-4,885,211 . Operating voltage can be 
substantially reduced when using a low-work function cathode and a high-work function anode. The preferred cathodes 
are those constructed of a combination of a metal having a work function less than 4.0 eV and one other metal, pref- 

40 erably a metal having a work function greater than 4.0 eV. The Mg: Ag of Tang and others. US-A-4,885,21 1 constitutes 
one preferred cathode construction. The Al:Mg cathodes of Vanslyke and others. US-A-5,776,622 has disclosed the 
use of a if/AI bilayer to enhanced electron injection in organic EL devices. 

[0020] Conventional anodes 204a are formed of a conductive and transparent oxide. Indium tin oxide has been 
widely used as the anode contact because of its transparency, good conductivity, and high work function. 
45 [0021] Preferred host materials for the emission layer include: 

a) Alq, and 
b) 
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or c) 




15 



20 



25 



are readily fabricated in the form of thin laye'rs " COmp0unds M * b °™ ^igh levels of performance and 

—'o^ZS^ ? ^ " 9 P,astic material - ^rred 

Slyke US-A-4 539 507 Tnoth^r tra "sport layer of the organic EL devices are tertiary amines as taught in Van 

include those represented by formula (S ^ Pfeferred tetraaf y |di amines 

(IV) 
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Ar' Ar 2 
\ / 

N L N 

/ \ 

Ar Ar 3 
(HI) 



4( > wherein: 



?£~JXS£Z2&C~" ,rom am °" 9 ph,m - b " >h,n " ,na naw,h " ™ Wtes: 

d is a phenylene moiety; 

n is an integer of from 1 to 4; and 

at least one of Ar, Ar 1 , Ar2 and Ar> is a naphthyl moiety when L is d n . 
ESfSn T he h Vari , 0US ! lky '' alky ' ene ' afyl ' and a,y,ene moieties of th * 'ongoing structural formulae (I) fin fllh and 

[0025] Illustrative of useful selected (fused aromatic ring containing) aromatic tertiary amines are the following: 

ATA-1 4,4'-Bis[N-(1-naphthyl)-N-phenylamino]biphenyl (NPB) 
4,4»-Bis[N-(1 -naphthyl)-N-phenylamino]-p-terphenyl 
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ATA-3 4,4'-Bis[N-(2-naphthyl)-N-phenylamino]bipheny! 
ATA-4 4,4'-Bis[N-(3-acenaphthenyl)-N-phenyl-amino]biphenyl 
ATA-5 1 ,5-Bis[N-(1 -naphthyl)-N-phenylamino]naphthalene 
ATA-6 4,4'-Bis[N-(9-anthryl)-N-phenylamino]-biphenyl 
ATA-7 4,4"-Bis[N-(1 -anthryl)-N-phenylamino]-p-terphenyl 
ATA-8 4,4'-Bis[N-(2-phenanthryl)-N-phenyl-amino]biphenyl 
ATA-9 4,4'-Bis[N-(8-fluoranthenyl)-N-phenyl-amino]biphenyl 
ATA-1 0 4,4'-Bis[N-(2-pyrenyl)-N-phenylamino]bi-phenyl 
ATA-11 4,4'-Bis[N-(2-naphthacenyl)-N-phenyl-amino]biphenyl 
ATA- 12 4,4'-Bis[N-(2-perylenyl)-N-phenylamino]biphenyl 
ATA-1 3 4,4'-Bis[N-(1 -coronenyl)-N-phenylamino]biphenyl 
ATA-1 4 2,6-Bis(di-p-totylamino)naphthalene 
ATA-1 5 2,6-Bis[di-(1 -naphtyl)aminojnaphthalene 
ATA-1 6 2,6-Bis[N-(1 -naphthyl)-N-(2-naphthyl)-amino]naphthalene 
ATA-1 7 N > N l N , ,N , -Tetra(2-naphthyl)-4,4 ,, -di-amino-p-terphenyl 
ATA-1 8 4,4'-Bis{N-phenyl-N-[4-(1 -naphthyl)-phenyl]amino}biphenyl 
ATA-1 9 4,4'-Bis[N-phenyl-N-(2-pyrenyl)amino]biphenyl 
ATA-20 2 1 6-Bis[N,N-di(2-naphthyl)amine]fluorene 
ATA-21 1 ,5-Bis[N-(1 -naphthyl)-N-phenylamino]naphthalene 

[0026] A preferred embodiment of the luminescent layer consists of a host material doped with fluorescent dyes. 
Using this method, highly efficient EL devices can be constructed. Simultaneously, the color of the EL devices can be 
tuned by using fluorescent dyes of different emission wavelengths in a common host material. Tang and others, in 
commonly assigned US-A-4,769,292 has described this dopant scheme in considerable details for EL devices using 
Alq as the host material. 

[0027] FIG. 3 describes the energy level diagram of the organic emission layer host and the three kinds of dopants 
used in this invention. This figure refers specifically to an organic emissive layer consisting of a Alq host material and 
the three dopants: exciton-trapping dopant, hole-trapping dopant, and luminescent dopant. 

[0028] A hole trap in Alq, for example, is defined as the dopant which has a bandgap greater than that of Alq, and 
is capable of donating an electron to Alq. The later condition is satisfied if the highest occupied molecular orbital 
(HOMO) of the dopant is higher (in electron energy scale) than that of Alq. Experimentally, the HOMO level is measured 
as the ionization potential with respect to the vacuum level. The ionization potential (IP) of the hole trapping dopant in 
Alq is determined to be lower than that of the (Alq) host. The IP of Alq is 5.62 eV. The hole trapping dopant, when filled 
is positively charged. 

[0029] Preferred materials for use as a hole trap dopant of the organic EL devices are tetraaryl amines. Some of the 
arylamines class materials and their ionization potentials are given below. 



HD1: 





EP 1 162 674 B1 




15 

HD3 (NPB): 



20 



25 



Q 



5 



HD4: 



30 



35 



40 



0 




XJT) 



EXDl: 
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EXD2: 



5 



10 



15 

EXD3: 



20 




EXD4 (mbrene): 



30 




[0031 ] The luminescent dopant has a bandgap less than the bandgap energy of the first exciton dopant. The exciton 
dopant is capable of accepting energy from the electron-hole combination in the host material and accepting energy 
transferred from the second dopant. 
40 [0032] Preferred materials for use as luminescent dopant of the organic EL devices is DCM class materials. Some 
of the DCJTB structures and their ionization potentials are given below. 



LD1: 
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LD6: 




5 



10 



15 



LD7 (DCJTB): 



20 



25 




[0033] . NPB has been used as a hole-trapping dopant, rubrene as an exciton trapping dopant, and DCJTB as a 
luminescent dopant into the Alq emission layer as examples illustrating this invention. The energy levels of these 
materials are shown in FIG. 3. 

30 [0034] Several devices were prepared on the glass substrate using ITO anode and Mg:Ag or LiF/AI cathode in ac- 
cordance with a device structure as described in FIG. 2. The structure of the device is glass substrate/ITO anode/CFx 
hole injection layer/ NPB hole transport layer/Alq emission layer with dopant(s)/Alq electron transport layer/Mg:Ag or 
LiF/AI. 

[0035] The ranges of concentration of various dopants in the Alq emission layer used in the EL devices are preferably 
35 as follows: 



40 [0036] Several devices have been prepared using the above dopants. The results are summarized in Tables 1 and 2. 
[0037] Devices prepared doping both exciton dopant and hole trapping dopant have shown significantly higher effi- 
ciency and the operational stability as compared to the devices doped with either dopant. Furthermore, the synergetic 
effect of doping exciton trapping dopant and hole trapping dopant was such that better operational stability and efficiency 
were obtained. With the addition of third luminescent dopant, excellent color coordinates were obtained with high 

45 luminance efficiency, which could not be achieved with any other combination. 

[0038] The invention and its advantages are further illustrated by the specific examples which follow. The term "per- 
centage" indicates the volume percentage of a particular dopant with respect to the host material. 



[0039] An EL device was constructed in the following manner: 

[0040] Substrates coated with 80 nm ITO were sequentially ultrasonicated in a commercial detergent, rinsed in deion- 
ized water, degreased in toluene vapor. These substrates were treated with an oxygen plasma for about one minute 
and coated with 1 nm fluorocarbon layer by plasma assisted deposition of CHF 3 . 
55 [0041] These substrates were loaded into a deposition chamber for organic layers and cathode depositions. 

[0042] Device A was prepared by sequential deposition of 1 50 nm NPB hole transporting layer, followed by 37.5 nm 
Alq emission layer without any dopant (EML), 37.5 nm Alq electron transport layer (ETL), then 0.5 nm LiF and 200 nm 
Al as a part of cathode. The above sequence completed the deposition of the EL device. 



Exciton trapping dopant =1-25 %, hole trapping dopant = 0.1 - 35 %, and luminescent dopant = 0.05 - 4%. 



Example 1 
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LmS , devlc iwas then hermetically packaged in a dry glove box filled with nitrogen for protection against 

ambient environment. The ITO patterned substrates used for preparing these EL devices contained severaNconf 
Each individual ,con of the device was tested for current voltage characteristics and the electSne^nc? yST 

Example 2 

zsjss: szrss sssr sa ™ as 4 — « - - 5 *• - 

Example 3 

S3 witMo" NpZo^CnT" 9 "" SeqUenCe " ^ A ^ 3? 5 — ^ ™ 

Example 4 

-S^J* ° W3S Prepared f0 " 0Win9 ,he Same seauence as Device A except the 37.5 Alq emission layer was 
doped w.th 5% rubrene and 5% NPB. The deposition rate and thus the volume percentage of the Alq host 2nd theTwo 
dopants was controlled by the boat temperature. 

t00 ,! 71 ( oI he lT in , anCe cnarac,eristics ° f th ese devices are shown in Table 1 . The Device A has 3 1 7 cd/A luminance 
yield at 20 mA/cm* current density. This device has EL peak position at 532 nm and has green color ^hen the Alq 
emiss on layer was doped with 10% rubrene for Device B, the luminance yield was 4.68 cd/A The EL pea "portion 
was at 568 nm giving yellow emission. When the Alq emission layer was doped wrth 1 0% NPB, the I 
for Dev.ce C increased to 3.27 cd/A @20 mA/cm*. The EL peak position is at 528 nm and has g een cZZenZ 
Ate emission .ayer was co-doped with 5% rubrene and 5% NPB, the luminance yield for the Device D was 4.95 cd/A 
and the EL peak position was at 568 nm giving yellow emission 

fhe?hL 2f ZTT a> St f' ity ° f thS enca P sulated devices orient environments has been found by measuring 
the changes in the drive voltage and the luminance as a function of time when four different icons of each of the!e 

STS^ST ' ^ 8 ° 0nS,ant denSitV °' 20 ' 4 °' 60 80 The ha,f " ,i,e times for "-e devices 



Table 1 : 



Luminanc* 


5 performance of dev 


Ices A to H with different dopants 


Device 


Luminescent 
layer 


Luminance Yield 
@20 mA/cm2 (cd/ 
A) 


EL Peak 

Wavelength (nm) 


ClEx 


ClEy 


Drivevoltage @ 
20mA/cm2 (volts) 


Device A 


Alq 


3.17 


524 


0.334 


0.531 


8.50 


Device B 


Alq + 10% 
Rubrene 


4.68 


568 


0.519 


0.476 


7.90 


Device C 


Alq + 10% NPB 


3.26 


528 


0.346 


0.538 


8.70 


Device D 


Alq + 5% Rubrene 
+ 5% NPB 


4.95 


568 


0.518 


0.478 


8.30 


Device E 


Alq + 2% DCJT-B 


2.05 


628 


0.640 


0.355 


9.20 


Device F 


Alq + 2% DCJT-B 
+ 1 0% Rubrene 


2.41 


632 


0.650 


0.345 


9.00 


Device G 


Alq + 2% DCJT-B 
+ 10% NPB 


2.08 


628 


0.645 


0.353 


9.10 


Device H 


Alq + 2% DCJT-B 
+ 5% NPB + 5% 
Rubrene 


2.76 


632 


0.650 


0.350 


8.50 



a t«n° T 8 ^ 6 nomM f e < ' ,Urninance as a function ° f °P^ating time at 20mA/cm2 current density for the 
four Devices A to D. The synergetic effect of doping exciton trapping dopant and hole trapping dopant was found with 
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doping simultaneously with NPB and rubrene into Alq host. The decrease in luminance yield for Device D was the 
lowest as compared to the Devices A, B, and C. The change in luminance was unexpectedly lower than that possible 
from the additive effects of both dopants. The synergetic effect was such that better operational stability and efficiency 
were obtained at lower concentrations of the dopants. This resulted in more than two times improvement in operating 
5 lifetime and 10-20% increase in luminance efficiency, which could not be achieved with using either of the dopants 
with any amounts of doping concentrations. 

[0050] FIG. 5 shows the operational stability of the drive voltage at 20mA/cm 2 current density. Unexpectedly, again 
the Device D with the Alq emission layer doped with both rubrene and NPB dopants showed minimal change in the 
drive voltage. Thus, Device D has the highest operational stability among the four devices. Thus, the normalized lu- 
10 minance and the drive voltage was stable for a longer time for the devices of this invention. 

Examples 5 - 8: 

[0051] In accordance with the method described for Devices A-D, except that the dopants in the 37.5 nm Alq emission 
15 layer. 

Example 5 

[0052] For Device E , the 37.5 nm Alq emission layer contained 2% DCJTB luminescent dopant. 

20 

Example 6 

[0053] For Device F, the 37.5 nm Alq emission layer contained 2% DCJTB luminescent dopant and 10% rubrene 
exciton dopant. 

25 

Example 7 

[0054] For Device G, the 37.5 nm Alq emission layer contained 2% DCJTB luminescent dopant and 1 0% NPB hole 
trapping dopant. 

30 

Example 8 

[0055] For Device H, the 37.5 nm Alq emission layer contained three dopants, 2% DCJTB + 5% rubrene + 5% NPB. 
[0056] The luminance characteristics of these are included in Table 1 . The Device E has 2.05 cd/A luminance yield 

35 at 20 mA/cm 2 current density. This device has EL peak position at 628 nm and has red color having color coordinates 
ClEx = 0.64 and ClEy = 0.35. When the Alq emission layer was doped with 2% DCJTB + 10% rubrene, the luminance 
yield for Device F increased to 2.41 cd/A @20 mA/cm 2 . The EL peak position is at 628 nm and has red color having 
color coordinates ClEx = 0.64 and ClEy = 0.34. When the Alq emission layer was doped with 2% DCJTB + 10% NPB 
for Device G, the luminance yield was 2.06 cd/A. The EL peak position was at 628 nm giving red emission at 628 nm 

40 and color coordinates ClEx = 0.64 and ClEy = 0.34. When the Alq emission layer was co-doped three dopants, 2% 
DCJTB + 5% rubrene + 5% NPB, the luminance yield for the Device H was 2.76 cd/A and the EL peak position was 
at 628 nm giving red emission at 628 nm and color coordinates of ClEx = 0.65 and ClEy = 0.34. The drive voltage at 
20 mA/cm 2 current density was lowest for the Device H. Thus the Device H prepared with the Alq host emission layer 
doped with three dopants: DCJTB luminescent dopant; rubrene exciton dopant and NPB hole trap dopant have higher 

45 luminance efficiency; lowest drive voltage and excellent color coordinates. 

[0057] The operational stability of these encapsulated devices has been found by measuring the changes in the 
luminance and the drive voltage as a function of time. Again four icons of each device was operated at the current 
density of 20, 40, 60 and 80 20 mA/cm 2 . The half-life times for these devices are included in Table 2. 

so Table 2: 



Operational Half-life times of devices A to H with different dopants 


Device 


Luminescent 
layer 


Half life @J=80 
mA/cm2 (Hours) 


Half life @J=60 
mA/cm2 (Hours) 


Half life @J=40 
mA/cm2 (Hours) 


Half life @J=20 
mA/cm2 (Hours) 


Device A 


Alq 


156 


161 


38 


1000 


Device B 


Alq + 10% 
Rubrene 


455 


542 


1103 


3000 
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Operation 
Device 

Device C 


al Half-life times of < 

Luminescent 
layer 

Alq+ 10% NPB 


devices A to H with d 

Half life @J=80 
mA/cm2 (Hours) 

348 ~ ~ 


ifferent dopants 

Half life @J=60 
mA/cm2 (Hours) 
525 


Half life @J=40 
mA/cm2 (Hours) 


Half life @J=20 
mA/cm2 (Hours) 


Device D 


Alq + 5% 
Rubrene + 5% 
NPB 


900 ~~~ 


1300 


2200 


3250 
5000 


Device E 


Alq + 2% 
DCJT-B 


361 


510 


901 


2250 


Device F 


Alq + 2% 
DCJT-B + 1 0% 
Rubrene 


487 


710 


1482 


3500 


Device G 


Alq + 2% 
DCJT-B + 1 0% 
NPB 


563 


822 


1557 


4000 


Device H 


Alq + 2% 
DCJT-B + 5% 
NPB + 5% 
Rubrene 


901 


1353 


2250 


>6000 



stability. This device also has the best color coordinates aZ fth hinh! n " ^ the hi9heSt °P^tional 

[0059] FIG. 7 shows the operational w£S2ESTJ f tht a h, 9 , luminance efficiency and lowest drive voltage, 
with al, the three dopants, 2% dS?bT5"S5 mhrfn 7 ? 6V,CeS E '° ^ the Device H P re P a «* 

5? r; op r ° na i r ^ *KS;jr-5 has minimal increase in ,he drive 

[0060] With the addition of third luminescent dopant such as DC itr owJT^ .L 
obtained with hi 9 h finance e ff ^ 

yield and .owerdrfcevoltaa*^^ er luminance 

thecolorcoordinatesandtheiuminarJe eSc^ rlZl at *'9 her cu ™' ^nsity with minimum degradation in 
rubrene exciton trap, NPB hohTIJn^S^J2S^H t T , K omto8,on NlweonWnlnoai thethmedopam.. 
voltage, best chromiticity and the highest opeSionT, S ^ "* ' UminanCe yie,d " lowest *^ 

[0062J Other features of the invention are included below 

521 on^^^uZ™ here ' n c ° ncentration of the second dopant is in a ra ^ e of ° - - »% >v 

[0064] The organic luminescent layer wherein the host material includes: 
a) Alq; and 

b) 
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or c) 




10 



15 [0065] The organic luminescent layer wherein the first dopant includes a fluorescent hydrocarbon compound con- 
taining a polycyclic benzoid chromophoric unit. 

[0066] The organic luminescent layer wherein the second dopant includes aromatic tertiary amines. 
[0067] The organic luminescent layer wherein the aromatic tertiary amines are tetraaryldiamines. 
[0068] The organic luminescent layer wherein the aromatic tertiary amines include tetraaryldiamines having the for- 
20 mula: 



Ar' Ar 2 
\ / 

N L N 

/ \ 

Ar Ar 3 



wherein: 



Ar, Ar 1 , Ar 2 and Ar 3 are independently selected from among phenyl, biphenyl and naphthyl moieties; 
L is a divalent naphthylene moiety or d n ; 
d is a phenylene moiety; 
n is an integer of from 1 to 4, and 
40 at least one of Ar, Ar 1 , Ar 2 and Ar 3 is a naphthyl moiety when L is d n . 

[0069] The organic luminescent layer wherein the third dopant includes DCM class of materials. 
[0070] The organic luminescent layer wherein the third dopant includes DCJTB. 

[0071] The organic luminescent layer wherein concentration of the first dopant is in a range of 0.5% to 25% by volume 
45 of the organic luminescent layer 

[0072] The organic luminescent layer wherein concentration of the second dopant is in a range of 0.5% to 25% by 
volume of the organic luminescent layer 

[0073] The organic luminescent layer wherein concentration of the third dopant is greater than 0.05% and less than 
5% by volume of the organic luminescent layer. 
so [0074] The organic luminescent layer wherein the combined concentration of the first, second, and third dopants is 
greater than 1 .05% and less than 55% by volume of the organic luminescent layer. 



Claims 

1. An organic luminescent layer for use in an electroluminescent device with improved operating life, comprising: 
a) an organic host material capable of sustaining both hole and electron injection and recombination wherein 
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the host material includes Alq; and 




or 



15 



20 



25 




30 



35 



40 



and 

b) at least three dopants: 



xsise ~ e n c r so ,hat the bandsap energy ° f the firet - - - - 

material ^ be ' n9 """^ ,0 * ^ U * PP ' m9 ^ leVel above the valence band of the host 
e) the third dopant having a bandgap energy less than the bandgap energy of the first dopant. 

2 " E2E 'X^Z^Zl^T* first dopam inc,udes a — — " ~ 

« 3. The organic .uminescent layer of claim 1 wherein the second dopant includes aromatic tertiary amines. 

4. The organic luminescent layer of claim 3 wherein the aromatic tertiary amines are tetraaryldiamines. 
». 5 ' STlZS ' UmineSCent °' * Mc ™»* amines ■»** tetraary.diamines having 
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Ar 



i 



Ar 2 



\ 



/ 



N 



L N 



/ 



\ 



Ar 



Ar 3 



wherein: 



Ar, Ar 1 , Ar 2 and Ar 3 are independently selected from among phenyl, biphenyl and naphthyl moieties; 

L is a divalent naphthylene moiety or d n ; 

d is a phenylene moiety; 

n is an integer of from 1 to 4, and 

at least one of Ar, Ar 1 , Ar 2 and Ar 3 is a naphthyl moiety when L is d n . 

6. The organic luminescent layer of claim 1 wherein the third dopant includes DCM class of materials. 

7. The organic luminescent layer of claim 1 wherein the third dopant includes DCJTB. 

8. The organic luminescent layer of claim 1 wherein concentration of the first dopant is in a range of 0.5% to 25% by 
volume of the organic luminescent layer. 

9. The organic luminescent layer of claim 1 wherein concentration of the second dopant is in a range of 0.5% to 25% 
by volume of the organic luminescent layer. 

10. The organic luminescent layer of claim 1 wherein concentration of the third dopant is greater than 0.05% and less 
than 5% by volume of the organic luminescent layer. 

11. The organic luminescent layer of claim 1 wherein the combined concentration of the first, second, and third dopants 
is greater than 1 .05% and less than 55% by volume of the organic luminescent layer. 



Patentanspruche 

1. Organische Lumineszenzschicht zur Verwendung in einer Elektrolumineszenzvorrichtung mit verbesserter Be- 
triebsdauer, die folgendes umfasst: 

a) ein organisches Wirtsmaterial, das eine Loch- und Elektroneninjektion und -Rekombination zu uberdauern 
vermag, worin das Wirtsmaterial Alq umfasst; und 




Oder 
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und 

b) mindestens drei Dotierungen: 

i) eine erste Dotierung, die in der Lage ist, Energie einer Elektronenlochkombination im Wirtsm ate rial 
aufzunehmen; 

ii) eine zweite Dotierung, die in der Lage ist, Locher von dem Wirts mate rial einzufangen; und 

iii) eine dritte Dotierung, die in der Lage ist, Energie aus der Elektronenlochkombination im Wirtsm ate rial 
aufzunehmen und aus der zweiten Dotierung ubertragene Energie aufzunehmen; 

c) wobei die erste Dotierung derart gewahlt ist, dass die Energielucke der ersten Dotierung kleiner als die 
Energielucke des WirtsmateriaJs ist; und 

d) wobei die zweite Dotierung derart gewahlt ist, dass sie eine Locheinfang-Energieschwelle oberhalb des 
Valenzbandes des Wirtsmaterials aufweist: und 

e) wobei die dritte Dotierung eine Energielucke aufweist, die kieiner als die Energielucke der ersten Dotierung 

Organische Lumineszenzschicht nach Anspruch 1, worin die erste Dotierung einefluoreszierende Kohlenwasser- 
stoffverbindung umfasst, die eine polyzykfische, benzoide, chromophore Einheit enthalt. 

Organische Lumineszenzschicht nach Anspruch 1, worin die zweite Dotierung aromatische, tertiare Amine um- 
fasst. 

Organische Lumineszenzschicht nach Anspruch 3, worin die aromatischen, tertiaren Amine Tetraaryldiamine sind. 

Organische Lumineszenzschicht nach Anspruch 4, worin die aromatischen, tertiaren Amine Tetraaryldiamine mit 
folgender Formel enthalten: 



At 1 At 2 
\ / 

N L N 

/ \ 
At At 3 

worin: 
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Ar, Ar 1 , Ar 2 und Ar 3 sind aus Phenyl-, Biphenyl- und Naphthylresten unabhangig wahlbar sind; 
L fur einen zweiwertigen Naphthylenrest oderfur d n steht; 
d fur einen Phenylenrest steht; 
n fur eine Zahl von 1 bis 4 steht; und 

mindestens Ar, Ar 1 , Ar 2 oder Ar 3 fur einen Naphthylrest steht, wenn L fur d n steht. 

6. Organische Lumineszenzschicht nach Anspruch 1 , worm die dritte Dotierung Materialien der DCM-Klasse umfasst. 

7. Organische Lumineszenzschicht nach Anspruch 1 , worin die dritte Dotierung DCJTB umfasst. 

15 8. Organische Lumineszenzschicht nach Anspruch 1 , worin die Konzentration der ersten Dotierung in einem Bereich 
von 0,5 Vol.-% bis 25 Vol.-% der organischen Lumineszenzschicht liegt. 

9. Organische Lumineszenzschicht nach Anspruch 1 , worin die Konzentration der zweiten Dotierung in einem Bereich 
von 0,5 Vol.-% bis 25 Vol.-% der organischen Lumineszenzschicht liegt. 

20 

10. Organische Lumineszenzschicht nach Anspruch 1 , worin die Konzentration der dritten Dotierung groBer als 0,05 
Vol.-% und kleiner als 5 Vol.-% der organischen Lumineszenzschicht ist. 

11. Organische Lumineszenzschicht nach Anspruch 1, worin die kombinierte Konzentration der ersten, zweiten und 
25 dritten Dotierung groBer als 1 ,05 Vol.-% und kleiner als 55 Vol.-% der organischen Lumineszenzschicht ist. 

Revendications 

30 1 . Couche organique lumtnescente destinee a etre utilisee dans un dispositif electroluminescent ayant une duree de 
vie amelioree, comprenant : 

a) un materiau organique note capable de supporter une injection et une recombinaison de trous et d'electrons, 
dans lequel le materiau note contient Alq ; et 
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et 

b) au moins trois dopants : 



i) un premier dopant capable d'accepter I'energie produite par la combinaison electron-trou dans le ma- 
terial! note ; 

ii) un second dopant capable de pieger les trous du materiau hote ; et 

Hi) un troisieme dopant capable d'accepter I'energie produite par la combinaison electron-trou dans le 
materiau hote et d'accepter i'energie transferee par le second dopant ; 

c) le premier dopant etant choisi de telle sorte que I'energie de la largeur de bande interdite du premier dopant 
est inferieure a I'energie de la largeur de bande interdite du materiau hote ; et 

d) le second dopant etant choisi de maniere a avoir un niveau d'energie de piegeage de trous superieur a la 
bande de valence du materiau hote ; et 

e) le troisieme dopant ayant une energie de largeur de bande interdite inferieure a I'energie de largeur de 
bande interdite du premier dopant. 

Couche organique luminescente selon la revendication 1 , dans laqueile le premier dopant contient un compose 
d'hydrocarbure fluorescent contenant une unite chromophore de type benzoide polycyclique. 

Couche organique luminescente selon la revendication 1 , dans laqueile le second dopant contient des amines 
tertiaires aromatiques. 

Couche organique luminescente selon la revendication 3, dans laqueile les amines tertiaires aromatiques sont 
des tetraaryldiamines. 



Couche organique luminescente selon la revendication 4, dans laqueile les amines tertiaires aromatiques com- 
prennent des tetraaryldiamines ayant la formule : 



At 1 At 2 

\ / 
N L N 

/ \ 
Ar At 3 

dans laqueile : 

Ar, Ar 1 , Ar 2 et Ar 3 sont choisis separement parmi les groupes phenyle, biphenyle et naphtyle ; 

L est un groupe naphtylene divalent ou d n ; 

d est un groupe phenylene ; 

n est un nombre entier de 1 a 4 ; et 

au moins I'un des groupes Ar, Ar 1 , Ar 2 et Ar 3 est un groupe naphtyle lorsque L represente d n . 



18 



• 



25 



30 



35 



40 



45 



50 



55 



EP 1 162 674 B1 



6. Couche organique luminescente selon la revendication 1 , dans laquelle le troisieme dopant comprend la classe 
DCM de materiaux. 

7. Couche organique luminescente selon la revendication 1, dans laquelle le troisieme dopant contient DCJTB. 

5 

8. Couche organique luminescente selon la revendication 1, dans laquelle la concentration du premier dopant est 
comprise entre 0,5 % et 25 % en volume de la couche organique luminescente. 

9. Couche organique luminescente selon la revendication 1, dans laquelle la concentration du second dopant est 
10 comprise entre 0,5 % et 25 % en volume de la couche organique luminescente. 

10. Couche organique luminescente selon la revendication 1 , dans laquelle la concentration du troisieme dopant est 
superieure a 0,05 % et inferieure a 5 % en volume de la couche organique luminescente. 

15 11. Couche organique luminescente selon la revendication 1 , dans laquelle la concentration combinee des premier, 
second et troisieme dopants est superieure a 1,05 % et inferieure a 55 % en volume de la couche organique 
luminescente. 
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